Direct selection for 12 mutations (blm) conferring hypersensitivities to lethal effects of bleomycins in Saccharomyces cerevisiae resulted in mutants exhibiting cross-hypersensitivity to ionizing radiation and hydrogen peroxide. Remaining mutations did not confer cross-hypersensitivity to radiation. All blm mutations were recessive, except codominant blm3-1, and were assigned to seven complementation groups.
Direct selection for 12 mutations (blm) conferring hypersensitivities to lethal effects of bleomycins in Saccharomyces cerevisiae resulted in mutants exhibiting cross-hypersensitivity to ionizing radiation and hydrogen peroxide. Remaining mutations did not confer cross-hypersensitivity to radiation. All blm mutations were recessive, except codominant blm3-1, and were assigned to seven complementation groups.
In order to improve our understanding of radiomimetic damage to cells and how cells respond to and reverse such damage, we isolated a large number of mutants (blm [17] ) of Saccharomyces cerevisiae on the basis of their hypersensitivities to lethal effects of the bleomycin family of lowmolecular-weight chemical congeners (Mr approximately 1,500 to 1,600). Objectives of the current study were to determine for 12 blm mutants the inheritance patterns of the (22, 26) . Culturing, media preparation, ionizing and UV irradiation, and quantitative survival assays were carried out as previously described (17) (18) (19) (20) 22) .
The range of sensitivities conferred by the blm mutations and the importance of each defective gene on survival are illustrated in Fig. 1 All mutants possessing hypersensitivities to ionizing radiation (E7-13, E9-7, X1-13, X1-30, X2-27, X3-8, X3-27, and X7-20) exhibited elevated sensitivities to killing by hydrogen peroxide and fell into two of the three sensitivity groups (Fig. 2) . These results broaden the radiomimetic model in S. a Pairwise crosses of mutants and mutant segregants were made. Mutant segregants were derived from heterozygous diploids after one to seven backcrosses to normal haploid strains. Mating was observed microscopically. Diploids were subcloned, and sporulation was checked. Hypersensitivities to bleomycin were determined by measuring survival on YPAD medium containing 0, 1, 2.5, 5, 7.5, 10, 15, and 20 pLg of bleomycin per ml. Hypersensitivities to ionizing radiation were measured after 10, 20, 30, 40, 50, 75, and 100 krad of irradiation. If a diploid strain possessed significantly elevated sensitivity in comparison to the respective heterozygous diploids and sensitivities similar to those of the two respective homozygous diploids, the two mutations were determined to be noncomplementing.
If survival assays on independent diploids differed, both results are tabulated. R, Diploid exhibited resistance to killing by bleomycin characteristic of normal diploid strains of the same or similar genetic backgrounds. S, Diploid exhibited significantly higher sensitivity than that characteristic of normal diploid strains of the same or similar backgrounds. Superscripts, numbers of independent crosses constructed with the original isolates or segregants bearing the mutant genes. + -, Weak complementation. The E16-11 mutation did not fully complement the X2-27, X3-8, X3-27, and X6-4 mutations. The X6-4 mutation did not complement the X2-27, X3-8, X3-27, and E16-11 mutations. The X2-27 mutation did not complement E16-11 or X6-4, but three of four crosses involving the X3-8 or X3-27 mutations and one of two crosses involving the E9-7 mutation exhibited complementation. The X3-27 mutation was not complemented by E16-11 or X6-4 but exhibited complementation in crosses to X3-8 and E9-7 and in three of four crosses to X2-27. Full complementation was not exhibited in some crosses of the codominant X1-30 mutant to some of the mutants in the first complementation group or in crosses of X1-13 and X7-26 to X4-9.
J. BACTERIOL. Table 1 . The assignments to seven complementation groups appear to best fit the results of the complementation tests. The two short dotted lines express partial or full complementation in some crosses. Quantitative survival results from crosses involving the E9-7 mutation made it difficult to determine noncomplementation or complementation within the first complementation group. The E9-7 mutant did not exhibit complementation in one cross to the X2-27 mutant but exhibited varying amounts of complementation in some crosses to other mutants in the first complementation group. Allele numbers assigned to mutations in the BLMJ complementation group are as follows: E16-11 (blml-l), X6-4 (blml-2), X2-27 (blml-3), E9-7 (blml4), X3-27 (blml-5), and X3-8 (blml-6).
cerevisiae (16, 18) to include damage to cells by hydrogen peroxide and suggest that the mutants could sustain abnormally high levels of damage from hydroxyl-free radicals or respond abnormally to this damage.
Gene interaction leading to supersensitivity. All doublemutant segregants (hypersensitive to bleomycin and UV irradiation) in pedigrees involving the X7-26 mutant were significantly more sensitive than single mutants to lethal effects of bleomycins. These supersensitive double mutants also possessed the additional phenotype of growing poorly, particularly at temperatures above 30°C, in the absence of radiation or bleomycin. Homozygous diploid strains were also supersensitive, confirming that both genes were required for supersensitivity. This finding is somewhat surprising if bleomycin is strictly radiomimetic, rather than UVlike, and may reflect a long-patch mode of excision repair (25) recently described for human fibroblasts (4, 5) .
Assignment of mutations to complementation groups. Complementation tests among the mutants are presented in Table  1 . Six mutants appeared to fall into one complementation group (BLMI) and are at this time considered allelic on the basis of functional complementation tests in diploid strains (Table 1; Fig. 3 ). We have not ruled out the possibility that tightly linked genes are involved. Some of the blml mutations manifested weak complementation in heteroallelic diploids. It is possible that the BLMI complementation group comprises more than one locus if, for example, the BLMJ gene regulates more than one gene or gene product, interaction of more than one gene or gene product occurs (intergenic complementation), or different genes are involved in overlapping functions. Recombinant plasmids complementing the blml-l mutation have been identified (24a), and their characterization should enable these alternative hypotheses to be tested. It is of interest that the four blml mutations from E9-7, X2-27, X3-8, and X3-27 exhibited complementation in some crosses (Table 1 ; Fig. 3; unpublished results) . Curiously, this group also exhibited hypersensitivities to lethal effects of ionizing radiation. The remaining two blml mutations did not complement each other (Table 1 ; Fig. 3 ) and did not confer hypersensitivities to ionizing radiation.
Remaining mutants, X1-13, X1-30, X4-9, X7-20, X7-26, and E7-13, complemented each other as well as mutants in the first complementation group (Table 1; Fig. 3 ). The blm6 and blm7 mutations did not complement the X-ray or bleomycin sensitivities in repair-defective (for a review, see reference 9) rad52 and rad53 strains (unpublished results), respectively, and thus are considered allelic to rad52 and rad53. Several sporulated diploids homozygous for the blm6 mutation produced aborted asci. At present, we consider the six additional complementation groups to represent the identification of six additional genes. Fewer genes could be involved if any of these blm mutations are allelic and manifested interallelic complementation.
